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Nitrite in Cured Meat
How Safe?
by Paul Laub
In a surprise decision last August 1980, the Food and
Drug Administration (FDA) told consumers not to worry
about nitrite, a controversial cured meat preservative, as a
cancer risk. The FDA's statement that "there is no basis
to initiate any action to remove nitrite from foods at this
time" (Time 9-1-80 p.55) followed a joint announcement
by, the FDA and the United, States Department of
Agriculture (USDA) two years earlier that nitrites did
pose a risk of cancer in humans.
Officially, the discovery of serious flaws in a study by
Paul Newberne of M.I.T. was the main reason for the
turnaround decision. The Newberne study, on which the
joint announcement by the FDA and USDA was based,
liriked dietary nitrite to an increased incidence of
lymphatic cancer in rats. Further weakening the resolve of
those seeking a nitrite ban was internal bickering among
FDA Commissioner Donald Kennedy, Health, Educa-
tion, and Welfare Secretary Joseph Califano, and
Attorney General Griffin Bell over whether a phase out
period could legally precede an outright nitrite ban. Fear
of sharp public outcry similar to that seen in the unsuc-
cessful 1977 bid to ban saccharin, another food additive
shown to cause cancer, was undoubtedly another factor
threatening a ban. Nitrite, though being a cancer risk, also
performs important beneficial functions in cured meat.
Such a combination of beneficial and adverse properties
makes nitrite a unique case for risk assessment.
Characteristics of nitrite: Sodium and potassium nitrite
(NaNO 2 and KNO2, respectively) as well as sodium and
potassium nitrate (NaNO 3 and KNO 3, respectively,'which
are converted to the nitrite foirms by bacteria) have long
been used in the curing of meats. Meat cured with these
chemicals is generally confined to pork products like
bacon, hot dogs, sausage, and luncheon meats. Nitrite is
particularly effective in preventing the outgrowth of
Clostridium botulinum spores and the subsequent produc-
tion of a botulism-inducing toxin. Botulism, a, much
feared and extremely rare "food poisoning" sickness, is
fatal in a quarter to a third of its cases.
Nitrite, added to $14.5 billion worth of food annually in
the United States, is commercially important in its cos-'
metic function of providing cured meat with its charac-
teristic pink (rather than grey without nitrite) color as
well as improving flavor. The meat industry maintains
that these aesthetic effects are firmly coded into con-
sumer preferences. In fact, a 1978 study on nitrite in meat
supported in part by the American Meat Institute noted
that "the financial consequences of a discontinuance of
the use of nitrite are enormous and would affect not only
the meat processing industry," but also the livestock
industry supplying meat to be cured. Bioscience 28:63 Oct.
1978.
Despite its beneficial cosmetic and preservative uses,
nitrite is a hazardous and toxic substance definitely
known to have caused deaths. It is toxic in two different
ways. By itself, nitrite is a reactive substance which can
combine with hemoglobin in blood to produce
methemoglobin, a hemoglobin form which cannot carry
oxygen. The threat of "blue baby" disease in infants,
where the skin is tinted blue, the color of deoxygenated
methemoglobinemic blood, is especially serious. In it's
acidic form as nitrous acid (HNO2), nitrite can mutate
DNA, the cellular substance in which genetic information
is stored. The estimated lethal dose of it in humans is one
gram.
Residual nitrite concentration in cured meat, usually
less than 25 parts per million (ppm), is too low to produce
serious toxicity itself. However, nitrites can react with a
class of chemicals known as amines, which are widely dis-
tributed throughout nature, to produce nitrosamines (N-
nitroso compounds). Unlike saccharin, whose marginal
toxicity has been the cause of much debate, nitrosamines
are potent carcinogens. Of the 130 different nitrosamines
tested, 80 percent have been shown to be carcinogenec.
Nitrosamines have produced cancer in all of the more
than twenty animal species tested thus far, producing
many types of tumors found in humans. There is little
reason to believe that humans are resistant, especially
because the acidic nature of the stomach provides a
favorable medium in which the reaction can occur.
That nitrite is a precursor to the formation of car-
cinogens is significant. In addition to statistical problems
and improper pathological examination of cancerous rats,
the Newberne study was faulty in that it attempted to
show that nitrite itself, rather than nitrosamines, was a
source of cancer. While nitrite may marginally influence
the development of tumors by depressing the immune
system, the conclusion of those who reviewed the
Newberne experiment, that ". . . insufficient evidence
exists to support the conclusion that sodium nitrite per se
fed to rats causes cancer", is not surprising (Science News
p.132 8-30-80). However, in announcing the FDA's
recent decision, then acting FDA Commissioner Jere
Goyan noted, "nitrites are not home free by any means.
There are still questions, and I'm sure they will eventually
be phased out of the food supply because of -the
nitrosamine problem" (Science p. 1101 9-5-80).
Safe Exposure Levels: Given it's mixed benefits and
hazards, what criteria should be used to determine
whether nitrite should, be banned? Despite its protective
role in preventing botulism, should nitrite's relation to
nitrosamines and cancer automatically mandate its ban-
ning?
A basic premise for dealing with these questions is that
everything involves some degree of risk. Thus, W.W.
Lowrance, in his book Of Acceptable Risk (p.8), states, "a
thing is safe if its risks are judged to be acceptable." Risk
vs. benefit considerations then become the basis of
evaluating safety. In addition to the risk of nitrite, other
relevant considerations are the risk of its replacement (if
any), the voluntariness of exposure, the knowledge and
perception of the risk, and the immediacy of effect as well
as the more easily determined benefits.
The Delaney Clause of the 1958 Food Additives
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Amendment to the Food, Drug and Cosmetics Act of
1938 instead attempted to legislate a zero-risk from
cancer caused by food additives. The Clause states that a
food additive could not be deemed safe "if it is found to
induce cancer when ingested by man or animal" and
thereby prohibits the intentional addition of such chemi-
cal to food for human consumption. Recently, as con-
sumers and industry have begun to accept'the risk of
cancer because of the usefulness or profitability of the
products (e.g. saccharin), risk and cost vs. benefit anlysis
has become more widespread.
On July 2, 1980 the Supreme Court made a precedent
setting ruling in the two related cases, Industrial Union
Department, AFL-CIO v. American Petroleum Institute et al.
(78-911) and Ray Marshall, Secretary of Labor, v.
American Petroleum Institute etal. (78-1036). In a 5-4 deci-
sion, the Court upheld a lower court decision that the
Secretary of Labor had exceeded his standard-setting
authority under the Occupational Safety and Health Act
of 1970 by reducing worker exposure to benzene, a widely
used industrial chemical and known inducer of leukemia,
from 10 pom to 1 ppm in the air. The decision is pertinent
to nitrite, as it, like benzene, is a chemical used by indus-
try which can lead to cancer in exposed persons. Chemical
and Engineering News (7-7-80 p. 4), an industrial journal
termed the decision a "severe blow" to the Occupational
Safety and Health Administration (OSHA).
According to § 6(b) (5) of OSHA, when toxic subs-
tances are handled, the Secretary of Labor is directed to"'set the standard which most adequately assures, to the
extent feasible, on the basis of best available evidence,
that no employee will suffer any material' impairment of
health or functional capacity." When the toxic substance
is carcinogenic, like benzene, the Secretary has taken the
position, using logic similar to that in the Delaney Clause,
that there exists no safe exposure level and thus
interprets Sec 6 (b) (5) to require setting an exposure
level at the lowest technologically feasible level that will
not impair the viability of the industries regulated.
The Court held that OSHA's standard-setting provision
had been exceeded as the Secretary of Labor had not
made the threshold determination that benzene exposure
at 10 ppm poses a significant health risk which, if it did,
would thereby make the new 1 ppm exposure standard"reasonably necessary and appropriate to provide safe
and healthful employment" according to § 3 (8) of the
act.
The ruling is significant in that exposure to carcinogens
at any concentration is generally believed to increase the
risk of cancer. Apparently, the risk from a 10 ppm
exposure level is not a "significant health risk", although
leukemia is a usually incurable and fatal disease. And, as
discussed below, determining the cancer risk at normal
exposure levels, as suggested by the Court as a basis of
standard-setting, is a difficult and controversial exercise.
Especially important, though, is that job-related exposure
to benzene is mostly involuntary, requiring legal action to
reduce exposure. Exposure to nitrites in meats, however,
is largely voluntary allowing the individual to make his/
her own risk vs. benefit analyses.
Additional Considerations: If risk vs. benefit analysis is
accepted as a means of evaluating nitrite, several new
findings must be considered. While it would be extremely
difficult to numerically estimate how many new cases of
botulism would appear if nitrite were banned, current evi-
dence indicates that the botulism risk is quite small (how
small in comparison to the risk of nitrosamine-induced
cancer is not yet known). Dr Michael Jacobson, Co-
Director of the Center for Science in the Public Interest,
states in his book on food additives, Eater's Digest
(p.165), that "the (botulism) toxin does not pose a
danger in foods that are always well cooked, such as
bacon, because the toxin would be destroyed in cooking".
Botulism toxin can be deactivated by heating a food con-
taining it at 185 degrees for 15 minutes. Luncheon meats,
though, which make up a large class of nitrite-treated
foods do not require cooking and are often eaten cold.
Nitrite is increasingly being used mainly for the con-
venience of the meat industry as "nitrite makes it possi-
ble for cured meats, poultry, and fish to be processed,
transported, stored, and sold without careful attention to
refrigeration" according to the FDA Consumer (p.3 9:78).
Nitrite-free hotdogs are being sold (one common brand is
Shiloh Farms) but require judicious handling so that they
remain cold or frozen until eaten. FDA labelling laws
demand that the requirement for refrigation be clearly
displayed on the packages.
Another consideration is the use of replacements for
nitrite which retain nitrite's ability to prevent the growth
of C. botulinum spores. Potassium sorbate, a well studied
antimicrobial on the "generally recognized as safe" list of
food additives, has shown some promise as a nitrite re-
placement. Although perhaps not as effective as nitrite, it
could still replace much nitrite thereby at least reducing
the residual nitrite content in cured meat. Other means of
preservation include drying or salting meat to reduce
water content needed for C. boltulinum growth and the use
of Lactobacilli (the microorganism responsible for con-
verting milk into yorgurt) whose lactic acid secretion
could reduce nitrite levels. However, none of these could
effectively replace the cosmetic effects of nitrite, a factor
of great economic conern to the meat industry.
In addition to reducing the presence of nitrite,
nitrosan'ine formation can also be reduced by modifying
other constraints on the formative reaction. Of great
potential value, then, is the inclusion of biochemical anti-
oxidants with nitrite as a means of retarding the
nitrosamine reaction. Two antioxidants, ascorbic acid
(vitamin C) and erythorbic acid, a close but nonnutritive
relative to ascorbic acid, are widely used both to reduce
nitrosamine formation and to aid in the curing process.
The risk of nitrosamine formation from nitrite residues
in cured meat must be considered against the contribu-
tion of nitrite from other sources. Saliva contains 6 to 10
parts per million (ppm) nitrite, and it was recently dis-
covered that nitrite and nitrate are formed by localized
synthesis in the intestine. Leafy vegetables can contain in
excess of 3000 ppm nitrate, which can be converted to
nitrite by oral bacteria. While difficult to quantify, recent
evidence, such as that in series of articles in Food and Cos-
metics Toxicolgy (1976), finds a direct correlation between
salivary nitrite concentration and dietary nitrate con-
sumption. On the basis of these findings, it is now
believed that dietary nitrate (coming predominantly from
vegetables grown with chemical fertizliers) may be in-
fluential in the development of gastric cancer from
nitrosamines.
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Accordingly, only 20 percent of dietary nitrite intake
comes from cured meats. Residual nitrite content in meat
has also declined from the FDA's maximum allowable
level of 120 ppm to 10.8 ppm, which is the average nitrite
level found in a 1980 Consumer's Union test of hqtdogs.
In addition, residual nitrite levels usually decliiie signifi-
cantly between. production and consumption.
Unlike other cured meats, bacon is a "special problem"
according to the Bioscience study (p. 635). Bacon, after
being fried for 6 minutes at 340 degrees consistently con-
tained 10 to 108 parts per billion (ppb) of N-nitrosopyr-
rolidine, a common and .particularly potent carcinogen.
These concentrations are generally regarded as, being
unacceptably high.
Quantification of human risk: Consideration of the pre-
vious factors makes the nitrite case much less clear cut.
Ultimately, though, the nitrite argument, like disputes
about any carcinogen, can be reduced to a single problem,
that of quanfifying the degree of risk in human terms.
Mere determination that a chemical is carcinogenic is
difficult enough, but further measuring the risk is a highly
controversial and little understood task facing tox-
icologists.
Two schools of thought illustrate society's regard for
chemicals and cancer. One view is that practically any
chemical can be shown to cause cancer depending on how
it is tested and that exposure to carcinogens is both
impossible to avoid and necessary if the fruits of modern
techology are to be enjoyed. Proponents of this view
believe that exposure to sufficiently low levels of car-
cinogens is safe and will produce no adverse effect regard-
less of the duration or frequency of exposure. In other
words, as long as the dosage remains under a certain level
(the threshold level), none of the toxicity and
carinogenicity associated with larger doses will be
attained. This view, which is the case for many common
medications (e.g., aspirin), is illustrated by curve B in
figure one. Figure one relates the size of exposure (on the
horizontal axis) to the degree of response (on the vertical
axis) - in this case, the development of cancer.
The other view, represented by curve A in figure one,
is that thresholds do not exist and that only at zero dosage
levels is there an absence of toxicity. Usually, the effects
of carcinogen exposure are not acute and are often hidden
by the long (15-40 years) latency period of most cancers.
Also, these effects are believed to be at least cumulative.
Thus, the proponents of this view argue that overall
exposure to carcinogens should be minimized as much as
possible.
Animals tested with carcinogens are fed very high
doses - much higher than people would normally
encounter. For statistical and economic reasons, this
often controversial methodology is accepted -by many
scientists and the National Academy of Sciences. Using
low level doses which approximate human exposure
would require approximatily 100,000 animals at a cost of
$15-20 million per substance tested in order to achieve
statistically significant results. In contrast, tests utilizing
current methodology require only about 500 animals and
cost about $250,000 per test.
Dimethylnitrosamine has induced liver tumors when
fed to rats in concentrations ranging from I to 10 ppm in
their diet. In foods, nitrosamines have been found with
instruments requiring 10 ppb sensitivity. Thus, there
could be more than a thousand fold difference, especially
considering that nitrosamine-containing foods make up
only a fraction of the diet.
How relevant, then, are rat liver tumors induced with
ppm range concentrations of nitrosamines (represented
by the X's in figure one) ? In other words, is the shape of
the dose-response curve like B (in figure one) placing the
range of human exposure within a safety threshold? Or is
the dose-response curve linear as in A, thus indicating a
definite, although probably small, risk of cancer at human
exposure levels? As mentioned earlier, linear curve A,
indicating no threshold, is more widely accepted by scien-
tists today. Thus if liver cancer, considering curability and
other factors, is regarded as a sufficiently serious risk,
then the rationale behind the Delaney Amendment in
this case is sound in terms of risk vs. benefit analysis.
As if these considerations are 'not complex enough,
interactions among carcinogens introduces many new
variables. Benzo (a) pyrene, a carcinogen associated with
cigarette smoke and charcoal-grilled meats, synergistical-
ly enhances the ability of diethylnitrosamine to induce
respiratory cancer in hamsters. Heredity, nutritional
status, illness, and other factors also influence the induc-
tion of cancer thereby dividing humans into many sub-
populations, all having different tolerances."
Risk assessment for carcinogens remains, at best, an
inexact science. However, there is a growing conviction
that carcinogenesis is really cocarcinogenesis resulting
from the interaction of a variety of different factors in the
natural and synthetic environments. While it may be true
that nitrite in cured meat alone will never produce cancer
in humans at ppb levels, it is more important to think in
terms of the aggregate effect of the many other environ-
mental influences. If one had bacon for breakfast, for
example, was it accompanied by orange juice (a rich
source of ascorbic acid) or by a cigarette?
In conclusion, it may not be necessary to ban nitrite as
many consumer groups have advocated in the past.
Recently, enough progress has been made in reducing
residual nitrite content of cured meats that Consumer's
Union has changed its position on nitrite now coming out
(Continued on page 18)
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